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ABSTRACT
The objectives of the present case-control study were 
to assess (1) daily activity patterns (lying time, number 
of steps, number of lying bouts, and lying bout dura-
tion), and (2) circulating concentrations of biomarkers 
of pain (substance P), inflammation (haptoglobin), and 
stress (cortisol) in lactating dairy cows diagnosed with 
clinical metritis. Lactating dairy cows (n = 200) from 
2 commercial dairy herds were enrolled in the present 
study. Cows diagnosed with clinical metritis (n = 100) 
at 7 ± 3 d in milk were matched according to lactation 
and days in milk to cows without clinical metritis (NO-
CM; n = 100). On study d 1, clinical metritis was di-
agnosed (using a Metricheck device, Simcro Tech Ltd., 
Hamilton, New Zealand) by the presence of watery, red-
dish, or brownish foul-smelling vaginal discharge, and 
blood samples were collected for assessment of circulat-
ing concentration of substance P, haptoglobin, cortisol, 
total calcium, β-hydroxybutyrate, and blood cells. In 
addition, on study d 1 body condition of cows was visu-
ally assessed, and activity monitors were placed on the 
hind leg of a subset of cows (CM, n = 56; CON, n = 56) 
and were kept until study d 7. Cows showing any other 
signs of other diseases were not included in the study. 
Cows with clinical metritis tended to spend more time 
lying (CM = 628.92 min/d; NO-CM = 591.23 min/d) 
compared with NO-CM cows. Activity analysis by par-
ity revealed that primiparous cows with clinical metri-
tis spent more time lying compared with primiparous 
cows without clinical metritis. However, no differences 
in daily lying time were observed between multiparous 
cows with and without clinical metritis. Furthermore, 
cows in the CM group had a higher circulating concen-
tration of substance P (CM = 47.15 pg/mL; NO-CM 
= 37.73 pg/mL) and haptoglobin (CM = 233.00 µg/
mL; NO-CM = 99.98 µg/mL) when compared with 
NO-CM cows. Cows with clinical metritis had lower 
body condition score, and a greater proportion of cows 
in this group had hypocalcemia when compared with 
cows without clinical metritis. The circulating concen-
tration of leukocytes and erythrocytes were decreased 
in cows with clinical metritis compared with cows with-
out clinical metritis. Results from this study showed 
that concentrations of markers of inflammation, stress, 
pain, and activity were affected in cows diagnosed with 
clinical metritis; thus, strategies aimed to minimize the 
negative effects associated with clinical metritis may be 
required to improve the welfare of dairy cows.
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INTRODUCTION
Clinical metritis is an inflammatory process that af-
fects all layers of the uterus during the early postpar-
tum period in lactating dairy cows (Bondurant, 1999; 
Sheldon et al., 2006). This condition is characterized 
by the presence of an abnormally enlarged uterus with 
fetid red-brownish uterine discharge, with or without 
systemic signs of illness such as depression, anorexia, 
decreased milk yield, and pyrexia within 21 d after par-
turition (Sheldon et al., 2006). The incidence of clinical 
metritis ranges from 15 to 20%, although it could be 
higher depending on the herd (Gilbert, 2016). Clinical 
metritis negatively affects profitability due to reduced 
milk yield (Rajala and Gröhn, 1998), delayed time to 
conception (Fourichon et al., 2000), and increased cull-
ing rates (Gröhn et al., 2003). Furthermore, a recent 
study reported that cows with clinical metritis expe-
rienced visceral pain in response to palpation of the 
uterus (Stojkov et al., 2015). Thus, in addition to the 
negative economic implications, clinical metritis could 
be regarded as a welfare concern.
Early identification, examination, and treatment of 
sick animals are crucial to ensure animal welfare in food 
animal production systems. However, animals such as 
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cattle are stoic and physical and behavioral changes 
associated with diseases and pain can be subtle, making 
their identification challenging (Fitzpatrick, 2002). Ac-
tivity monitors have been used to assess the effects of 
common health events on dairy cattle behavior. Huzzey 
et al. (2007) showed that prepartum DMI and feeding 
behavior were altered in cows that developed clinical 
metritis after calving. Liboreiro et al. (2015) reported 
that cows diagnosed with clinical metritis spent less 
time ruminating and had reduced activity compared 
with cows without clinical metritis. More recently, Stan-
gaferro et al. (2016a,b) showed that the combination 
of rumination and activity accurately identified cows 
at the onset of diseases such as displaced abomasum 
and ketosis; however, it lacked sensitivity to identify 
cows with clinical metritis. Therefore, the association 
of clinical metritis and activity patterns in dairy cows 
warrants further research.
Biomarkers of inflammation and stress such as hap-
toglobin (HP) and cortisol have been used to assess 
inflammation and stress in dairy cows with clinical 
metritis and other postpartum diseases (Huzzey et al., 
2009, 2011; Burnett et al., 2015). More recently, sub-
stance P (SP) has emerged as a potential marker of 
nociception and inflammation in cattle. Substance P is 
an undecapeptide released from the dorsal horn of the 
spinal cord that regulates the excitability of nociceptive 
neurons and is associated with the transmission and 
modulation of pain; furthermore, SP is involved in the 
integration of inflammation, stress, and anxiety (DeV-
ane, 2001; Datar et al., 2004; Perl, 2011). Studies have 
used the circulating concentration of SP, among other 
parameters, to assess inflammation and nociception in 
dairy and beef calves following castration and dehorn-
ing (Coetzee et al., 2012; Allen et al., 2013; Repenning 
et al., 2013). Overall, circulating concentrations of SP 
were increased in calves following dehorning and castra-
tion, and some studies demonstrated a reduction in SP 
following pain management (Coetzee et al., 2012; Allen 
et al., 2013). However, more research is required to bet-
ter understand the association of postpartum diseases 
such as clinical metritis and circulating concentrations 
of SP in lactating dairy cows.
The objectives of this study were to assess (1) daily 
activity patterns, and (2) circulating concentrations of 
SP, HP, and cortisol in lactating dairy cows diagnosed 
with clinical metritis. Furthermore, determination of 
BHB, total calcium, white blood cells, milk yield, and 
reproductive data were collected for a more comprehen-
sive assessment of clinical metritis in dairy cattle. We 
hypothesized that cows that experience clinical metritis 
will have altered activity patterns, and higher circu-
lating concentration of SP, HP, and cortisol compared 
with cows without clinical metritis.
MATERIALS AND METHODS
Animals, Facilities, and Feeding
During the present case-control study, lactating Hol-
stein dairy cows (n = 200) that calved between August 
2014 and October 2015 in 2 commercial dairy herds 
in South Central Ohio were enrolled. Herd A milked 
approximately 1,100 cows and had a yearly rolling 
herd average milk yield of 9,796 kg, and herd B milked 
approximately 2,100 cows with a yearly rolling herd 
average milk yield of 10,547 kg. Pregnant animals were 
allocated to prepartum freestall pens with sand bedding 
at approximately 21 d prior to their expected calving 
date. Pre-parturient heifers and cows displaying immi-
nent signs of calving were moved into individual (herd 
A) or grouped (3–4 cows, herd B) loose straw calving 
pens. Following parturition, primiparous (PRIM) and 
multiparous (MULT) cows were comingled in a post-
partum pen where they remained for approximately 
21 d. Thereafter, cows were moved to pens according 
to lactation number and reproductive status for the 
remaining of their lactation. All cows were housed in 
naturally ventilated 6-row freestall barns bedded with 
sand and had free access to feed and water. Postpartum 
cows (up to 21 DIM) were milked 3 and 4 times daily 
in herds A and B, respectively. After being moved from 
the postpartum pen, all cows were milked 3 times daily 
at approximately 8 h intervals in both herds. The mean 
stall stocking densities in the fresh pen were 89.78 
and 105.29% for farm A and B, respectively. Feed was 
delivered once daily, and feed push up was performed 
at approximately 2-h intervals. Both dairy herds kept 
individual animal health, reproductive, and productive 
records using computerized record-keeping systems 
(Dairy Comp 305, Valley Ag Software, Tulare, CA). 
The procedures described below were reviewed and 
approved by the Institutional Animal Care Use Com-
mittee at The Ohio State University (protocol number: 
2016A00000057).
Animal Enrollment and Diagnosis of Clinical Metritis
Weekly, a list of cows for diagnosis of clinical me-
tritis was obtained using on-farm computer records 
based on calving dates. The cows that presented his-
tory of disease or medical treatment were excluded 
from the list. The vaginal discharge of lactating dairy 
cows was screened for diagnosis of clinical metritis us-
ing a Metricheck device (Simcro Tech Ltd., Hamilton, 
New Zealand) at 7 ± 3 d after parturition (study d 
1). Briefly, the vulva was cleaned with a paper towel 
and the Metricheck device was introduced through the 
vulva into the cranial portion of the vagina; then the 
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device was gently retracted outside of the vagina. After 
removal, the material collected was evaluated for clini-
cal metritis diagnosis. Clinical metritis was defined by 
the presence of watery, foul-smelling, reddish or brown-
ish vaginal discharge with or without pyrexia (rectal 
temperature >39.5°C; Stangaferro et al., 2016b). Cows 
with clinical metritis (CM; n = 100) were matched ac-
cording to lactation and DIM to cows without clinical 
metritis (NO-CM; n = 100). A total of 61 multiparous 
cows and 55 first lactation cows were enrolled in farm 
A, whereas 63 multiparous cows and 21 first lactation 
cows were enrolled in farm B. On study d 1, animals 
(CM and NO-CM group) showing any signs of other 
disease (e.g., lameness, pneumonia, displaced aboma-
sum, vulvovaginal lacerations) were not included in the 
study. Members from the study team performed the 
examination of the animals on study d 1 and 7. In 
addition, every day after the morning milking, the farm 
personnel performed examinations of the cows housed 
in the fresh pen following the herd veterinarian rec-
ommendations. In total, 242 animals were screened on 
study d 1. However, CM (n = 30) and NO-CM (n = 12) 
cows diagnosed with any other disease (e.g., lameness, 
pneumonia, displaced abomasum; n = 29), treated for 
clinical metritis (n = 10), or cows that died or were 
culled within 21 ± 3 DIM (n = 3) were excluded from 
the study.
Assessment of Activity Patterns
On study d 1, following clinical metritis diagnosis, 
electronic data loggers (IceQube, IceRobotics, Edin-
burgh, UK) were placed on the hind leg on a subset 
of CM (n = 60) and NO-CM (n = 65) cows randomly 
selected. These electronic activity data loggers con-
tinuously recorded activity from individual cows. The 
activity patterns recorded included lying time (LT), 
number of steps (STP), number of lying bouts (LB), 
and lying bout duration (LBD). Activity data loggers 
were removed from cows on study d 7 (14 ± 3 DIM). 
Activity data from individual cows was extracted via 
the IceReader into the IceManager (IceRobotics, Edin-
burgh, UK) software in 15-min time blocks. Thereafter, 
data were summarized and reported as daily means in 
an Excel spreadsheet (Microsoft Corp., Redmond, WA) 
for further analysis.
Blood Sample Collection and Hormone Assays
On study d 1, blood samples were collected via coccy-
geal blood vessels for assessment of circulating concen-
tration of SP, HP, cortisol, total Ca, BHB, and blood 
cells. Blood samples for assessment of serum BHB, Ca, 
HP, and cortisol concentrations were collected into 
8.5-mL evacuated serum separator tubes (Vacutainer, 
Becton Dickinson and Co., Franklin Lakes, NJ). Blood 
samples for determination of plasma concentrations of 
SP (3 mL) were collected into 7 mL evacuated tubes 
with K3 EDTA (Vacutainer, Becton Dickinson and 
Co.). For SP sample collection, a 20 mM solution of 
benzamidine hydrochloride (Sigma-Aldrich, St. Louis, 
MO) was prepared and 300 µL were added to each K3 
EDTA tube to serve as protease inhibitor as previously 
described (Dockweiler et al., 2013). Blood samples 
were stored on ice immediately after collection until 
processing (within 2 h after collection). Samples were 
centrifuged (15 min, 3,000 × g, room temperature) to 
harvest plasma and serum that were stored at –20°C 
until analysis.
Serum concentrations of BHB were analyzed using 
the NovaVet electronic handheld device (Nova Bio-
medical Corporation, Waltham, MA). A BHB cut-off of 
1.2 mmol/L was used to determine ketosis (Iwersen et 
al., 2009). Concentration of Ca in serum was assessed 
by colorimetric analysis using a commercially available 
kit (Calcium Liquicolor No. 0150, Stanbio Laboratory, 
Boerne, TX). This assay determines the quantity of Ca 
in biological materials by the measurement of the color 
intensity produced by a chemical reaction between 
Ca and ortho-cresolphthalein complexone. Cows that 
presented Ca concentrations ≤8.0 mg/dL were clas-
sified as hypocalcemic (Reinhardt et al., 2011). The 
coefficient of variation for intraassay variability was 
5% and the interassay variability was 3.4%. The ana-
lytical sensitivity of the assay was 2 ng/mL. Plasma 
SP concentrations were determined by competitive 
radioimmunoassay technique using a double antibody 
system with a primary anti-cow SP (Phoenix Pharma-
ceuticals, Burlingame, CA) and 125I-SP (PerkinElmer 
Inc., Waltham, MA) antibody as previously described 
by Van Engen et al. (2014). The coefficient of variation 
for intraassay variability was 12.22% and the interas-
say variability was 14.61%. The analytical sensitivity of 
the assay was 10 pg/mL. Serum concentrations of HP 
were determined using a commercially available bovine 
HP ELISA kit (Life Diagnostics, West Chester, PA) 
following manufacturer’s instructions. The coefficient 
of variation for intraassay variability was 4.83% and 
the interassay variability was 7.61%. The analytical 
sensitivity of the assay was 3.91 ng/mL. Furthermore, 
serum cortisol concentrations were assessed using a 
commercially available radioimmunoassay (Corti-Cote 
RIA kit, MP Biomedical, Irvine, CA) as previously de-
scribed (Bates et al., 2014). The calculated coefficient 
of variation for intraassay variability was 11.03%, and 
the interassay CV was 6.62%. The analytical sensitivity 
of the assay was 0.625 pg/mL.
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For quantification of blood cells, blood samples from 
a subset of cows randomly selected in the CM (n = 49) 
and NO-CM (n = 51) group were collected into 7-mL 
evacuated tubes containing K3 EDTA. An aliquot of 
whole blood was used to assess the complete blood cell 
counts using the VetScan HM5 analyzer (Abaxis Inc., 
Union City, CA).
BCS, Rectal Temperature, Milk Yield, and Fertility
On study d 1, BCS was assessed using a 5-point 
scale (Ferguson et al., 1994), and rectal temperature 
was measured using an electronic thermometer (Cooper 
Atkins, Cincinnati, OH). Cows that presented rectal 
temperature >39.5°C were classified as having pyrexia. 
Milk yield data from the first 3 DHIA milk tests rela-
tive to calving were collected. In addition, reproductive 
performance data [i.e., number of services required to 
conceive and DIM to conception (DIMC)] were ob-
tained from on-farm records.
Statistical Analysis
A power calculation was run to determine the re-
quired sample size for this field trial. To be able to de-
tect a difference in 8 pg of SP (Repenning et al., 2013) 
between animals with metritis and animals without 
metritis, with adequate statistical power (1 − β = 0.8) 
and significance (α = 0.05), a sample size of 100 dairy 
cows per group (total of 200 animals) was required. 
Although the sample sizes for other biological outcomes 
(BHB, total Ca, white blood cells, milk yield, and re-
productive performance) assessed in the study were 
not computed, this information was included to further 
illustrate the potential negative biological responses in 
lactating cows experiencing metritis. The study was 
conducted as a prospective case-control design where 
cows diagnosed with clinical metritis were matched to 
cows without clinical metritis according to lactation 
number and DIM. Individual cow data (e.g., lactation 
number, DIM, milk yield) were extracted from comput-
erized farm records to Microsoft Excel files. Statistical 
analyses were performed using SAS statistical software 
(version 9.4, SAS Institute Inc., Cary, NC) using cow as 
the experimental unit.
The normality and homogeneity of variances for the 
quantitative dependent variables were assessed through 
Shapiro-Wilk statistic, graphical methods (histogram 
and Q-Q plot), and Barlett’s tests using the UNI-
VARIATE procedure of SAS. Due to lack of normality, 
plasma concentrations of SP, cortisol, blood cells and 
STP were log10 transformed for analysis. The results of 
these variables were back-transformed, and geometric 
means and 95% confidence intervals were reported in 
this study.
Continuous variables were analyzed using the 
MIXED procedure of SAS. For analysis of activity 
variables (LT, STP, LB, and LBD) and DHIA milk 
tests, the REPEATED statement (day) was included in 
the MIXED procedure. The covariate structure of each 
activity variable was selected based on the best fit ac-
cording to Schwarz’s Bayesian information criteria. The 
variables initially offered to the model were day, stock-
ing density, parity, season, BCS, ketosis, hypocalcemia, 
DIM at test day, and CM, as well as the interaction 
of CM with these variables. Using the Wald statistic 
backward selection criterion (P > 0.15), the nonsig-
nificant variables were removed. Cow within farm was 
included in the model as random effect. In addition, 
analysis of LT revealed an interaction between CM and 
parity; therefore, PRIM and MULT cows’ data were 
analyzed separately. Least squares means and standard 
error of the mean of the continuous variables were com-
puted and adjusted (Tukey-Kramer method) using the 
LSMEAN statement included in the MIXED procedure 
of SAS. Due to failure to achieve normality after data 
transformation (log10, R
2), HP and number of services 
required to conceive were analyzed using the nonpara-
metric Kruskall-Wallis test through the NPAR1WAY 
procedure of SAS. Median and interquartile range val-
ues are reported. Binary variables (pyrexia, ketosis, and 
hypocalcemia) were analyzed by multivariable logistic 
regression using the GLIMMIX procedure of SAS. The 
variables initially offered to the model were stocking 
density, parity, season, BCS, ketosis, hypocalcemia, 
DIM at test day, and CM, as well as the interaction of 
CM with these variables. The Wald statistic backward 
selection criterion (P > 0.15) was also used to select 
the variables included in the model of each variable of 
interest. Cow within farm was included in the model as 
random effect. The variables of interest as well as their 
interactions were considered significant if P < 0.05, and 
P < 0.10 was considered a tendency.
RESULTS
Activity Patterns
Overall, cows in the CM group tended (P = 0.07) to 
spend more time lying (628.92 ± 13.65 min/d) than 
NO-CM cows (591.23 ± 17.53 min/d; Figure 1). No 
difference was observed in daily STP, LB, and LBD 
between CM and NO-CM cows (Figure 1). In addi-
tion, analysis by parity revealed that PRIM cows with 
clinical metritis spent more (P = 0.02) time lying (CM 
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= 605.16 ± 16.93 min/d) when compared with PRIM 
cows without clinical metritis (NO-CM = 551.01 ± 
16.56 min/d; Figure 2). However, there was no differ-
ence (P = 0.86) on daily LT between MULT cows with 
and without clinical metritis (Figure 2).
Biomarkers of Pain, Inflammation, and Stress
Circulating concentration of SP was higher (P = 
0.001) in CM cows (47.15 ± 5.38 pg/mL) when com-
pared with NO-CM cows (37.73 ± 5.41 pg/mL; Figure 
3). Serum circulating concentrations of HP were higher 
(P < 0.001) in cows with clinical metritis (233.00 ± 
20.30 µg/mL) when compared with cows without clini-
cal metritis (99.98 ± 13.79 µg/mL; Figure 4). However, 
no difference was observed in circulating concentration 
of cortisol between CM (9.05 ± 1.39) and NO-CM cows 
(8.32 ± 1.26; Figure 5).
BCS, Pyrexia, Milk Production, and Fertility
The distribution of DIM, lactation number, aver-
age BCS, proportion of cows with pyrexia in the CM 
group, average milk yield, and reproductive parameters 
between treatment groups is presented in Table 1. Cows 
with clinical metritis had lower BCS compared with 
cows without clinical metritis (Table 1). No differences 
were present in milk yield in the first 3 DHIA milk 
tests between CM and NO-CM cows (Table 1). Fur-
thermore, the number of services required to conceive 
was higher (P < 0.001) in the CM group (median of 2 
services; interquartile range of 1–4 services) compared 
with cows in the NO-CM group (median of 2 services; 
interquartile range of 1–3 services). Consequently, cows 
with clinical metritis had increased (P = 0.02) DIMC 
(121.25 ± 1.10 d) compared with cows without clinical 
metritis (104.11 ± 1.10 d; Table 1).
Hormones and Blood Cells
Serum concentration of BHB were not different be-
tween cows with (0.87 ± 1.09 mmol/L) and without 
clinical metritis (0.90 ± 1.11 mmol/L; Table 2). Simi-
larly, no difference (P > 0.05) in the proportion of cows 
with ketosis was observed between groups (Table 2). 
Overall, circulating concentration of Ca was lower (P = 
0.009) in cows diagnosed with clinical metritis (8.54 ± 
0.26 mg/dL) when compared with NO-CM cows (8.87 
± 0.27 mg/dL, Table 2). Furthermore, a greater (P = 
0.003) proportion of cows in the CM group had hypo-
calcemia compared with NO-CM cows (Table 2).
Total white blood cells were decreased (P < 0.001) in 
cows with clinical metritis (7.62 ± 0.91 cells × 106/mL) 
compared with cows without clinical metritis (10.46 ± 
Figure 1. Daily lying time (A; min/d), number of lying bouts (B; 
no./d), number of steps (C; no./d), and lying bout duration (D; min) 
during study d 1 (diagnostic of clinical metritis; 7 ± 3 DIM) until 
study d 7 (14 ± 3 DIM) of cows with clinical metritis (CM; n = 60) 
and without clinical metritis (NO-CM; n = 65). Values are presented 
as LSM ± SEM, except for the number of steps, which are reported as 
back-transformed geometric means and 95% CI. *P < 0.05.
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1.19 cells × 106/mL; Table 3). Accordingly, circulating 
concentration of lymphocytes, monocytes, and neu-
trophils were decreased in cows with clinical metritis 
compared with cows without clinical metritis (Table 
3). Furthermore, circulating concentration of red blood 
cells was also lower (P = 0.04) in the CM group (6.85 ± 
0.10 cells × 106/µL) cows compared with the NO-CM 
group (7.12 ± 0.09 cells × 106/µL; Table 3).
DISCUSSION
The present study was designed to assess whether 
clinical metritis affected the circulating concentrations 
of SP, HP, and cortisol; and daily activity patterns (LT, 
STP, LB, and LBD) in lactating dairy cows. Results 
from this study showed that cows diagnosed with clini-
cal metritis had increased circulating concentrations of 
Figure 2. Daily lying time of primiparous (PRIM; A; min/d), and multiparous (MULT; B; min/d) cows with clinical metritis (CM; PRIM 
= 21 and MULT = 39) and without clinical metritis (NO-CM; PRIM = 22 and MULT = 43), during study d 1 (diagnostic of clinical metritis; 
7 ± 3 DIM) until study d 7 (14 ± 3 DIM). Values are presented as LSM ± SEM. **P < 0.1; *P < 0.05.
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SP and HP and tended to spend more time lying than 
NO-CM cows. Interestingly, LT in PRIM cows diag-
nosed with clinical metritis was significantly increased 
compared with NO-CM PRIM cows, whereas activity 
patterns were not affected in MULT cows diagnosed 
with clinical metritis.
Overall, cows in the CM group tended to spend more 
time lying than NO-CM cows. Clinical metritis can 
cause systemic signs associated with sickness, such as 
depression and decreased appetite in dairy cows (Shel-
don et al., 2006), which may explain the tendency to 
spend more time lying in cows with clinical metritis. 
Huzzey et al. (2007) reported that cows that devel-
oped clinical metritis in the early postpartum period 
spent less time feeding in the late prepartum period 
compared with cows that did not developed clinical me-
tritis. This result agrees in part with the findings of our 
study, where CM cows tended to be less active. Other 
diseases, such as lameness and mastitis, can affect the 
activity patterns of dairy cows. For instance, cows with 
clinical mastitis induced by Escherichia coli endotoxin 
stood more and avoided lying on the side of the affected 
quarter (Siivonen et al., 2011). This reduction in LT 
contrasts with the typical behavior observed in sick ani-
mals, and the authors concluded that cows stood more 
to minimize the discomfort hat cows may experience 
when they lie down. de Boyer des Roches et al. (2017) 
reported that LT was not affected in cows with induced 
clinical mastitis, but they observed increased postural 
changes from lying to standing position compared with 
cows without mastitis. Thus, behavioral changes can 
Figure 3. Circulating concentration (geometric means ± 95% CI) 
of substance P (pg/mL) of cow with clinical metritis (CM; n = 99) and 
without clinical metritis (NO-CM; n = 95). a,bDifferent letters indicate 
statistical significance at P < 0.05.
Figure 4. Serum concentration of haptoglobin (µg/mL) in cows 
with clinical metritis (CM; n = 95) and without clinical metritis (NO-
CM; n = 93). Box plots depict 10th percentile, 25th percentile, me-
dian (solid line), 75th percentile, and 95th percentile. Solid diamonds 
represent the mean. a,bDifferent letters indicate statistical significance 
at P < 0.05.
Figure 5. Circulating concentration (geometric means ± 95% CI) 
of cortisol (ng/mL) of cows with clinical metritis (CM; n = 97) and 
without clinical metritis (NO-CM; n = 99).
Table 1. Distribution of lactation number, DIM, BCS, proportion 
(%) of cows with pyrexia, milk yield (kg/d) in the first 3 DHIA milk 
tests, and days in milk to conception (DIMC), in lactating dairy cows 
diagnosed with and without clinical metritis
Variable1
Clinical metritis
P-value
Yes 
(n = 100)
No 
(n = 100)
Lactation number 2.16 ± 0.11 2.16 ± 0.11 —
DIM 7.08 ± 0.20 7.08 ± 0.20 —
BCS2 3.06 ± 0.05 3.19 ± 0.05 0.01
Pyrexia3 (%) 20 ± 4.10 — —
DHIA test 14 (kg/d) 32.28 ± 1.09 33.53 ± 1.09 0.23
DHIA test 24 (kg/d) 35.33 ± 1.54 35.62 ± 1.54 0.78
DHIA test 34 (kg/d) 40.22 ± 4.26 40.58 ± 4.26 0.73
DIMC 121.25 ± 1.10 104.11 ± 1.10 0.02
1Balanced for in the study design. Cows diagnosed with clinical me-
tritis were matched according to lactation and DIM to cows without 
clinical metritis. Arithmetic means ± SD are presented for lactation 
number, DIM, pyrexia, and TBRD. Least squares means ± SEM are 
presented for BCS, DHIA tests, and DIMC.
2BCS was scored using a 5-point scale (Ferguson et al., 1994).
3Pyrexia was defined as rectal temperature >39.5°C.
4Milk yield was recorded for the first 3 DHIA tests relative to calving.
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differ in cows diagnosed with mastitis. It has been re-
ported that lame cows had longer lying times, walked 
less, spent less time feeding, and visited the grooming 
brushes less frequently compared with nonlame cows 
(Whay and Shearer, 2017; Weigele et al., 2018). In-
juries of the hooves or extremities directly affect the 
locomotor system of cows causing visible changes in 
gait patterns even in moderately lame cows. Thus, au-
tomated systems for detection of lactating dairy cows 
experiencing health disorders such as clinical metritis 
and mastitis are useful, but more research is needed to 
improve their ability to identify sick cows.
Interestingly, results of this study showed an associa-
tion between clinical metritis and daily lying time in 
PRIM cows, but not in MULT cows. In the present 
study, PRIM cows with clinical metritis spent more 
time lying compared with cows without clinical metri-
tis. Some authors (Humblet et al., 2006) reported that 
PRIM cows may experience an exacerbated inflamma-
tory response (i.e., increased HP and amyloid A) com-
pared with MULT cows during the early postpartum 
period regardless health status. This suggests that the 
immune system of PRIM cows may be more reactive 
to inflammatory stimuli. In PRIM cows this may lead 
to an increase in circulating cytokines, which can lead 
to expression of sickness behavior (such as depression), 
which may help explain, at least in part, the increased 
LT and reduced ST that PRIM cows with clinical me-
tritis experienced in our study.
It was recently reported that cows with clinical me-
tritis showed physical signs of pain such as back arch-
ing at rectal examination compared with cows without 
clinical metritis, suggesting that clinical metritis may 
be associated with visceral pain (Stojkov et al., 2015). 
Findings from the present study showed increased SP 
concentration in cows diagnosed with clinical metritis 
compared with cows without clinical metritis. Circu-
lating concentration of SP, among other parameters, 
have been used to assess nociception and inflammation 
in dairy and beef calves following surgical procedures 
such as castration and dehorning (Coetzee et al., 2008; 
Allen et al., 2013; Repenning et al., 2013). Overall, cir-
culating concentrations of SP were increased in calves 
following dehorning and castration, and some studies 
were able to demonstrate a reduction in SP circulat-
ing concentrations following administration of nonste-
roidal anti-inflammatory drugs (Coetzee et al., 2012; 
Allen et al., 2013). Similarly, SP was elevated after 
oligofructose-induced lameness in dairy heifers (Busta-
mante et al., 2015). Thus, SP has been proposed as 
marker associated with nociception in cattle (Coetzee 
et al., 2008). The elevated SP concentrations observed 
in cows diagnosed with clinical metritis in the present 
study agree with previous findings showing increased 
SP in response to nociceptive stimuli, and suggest that 
clinical metritis may be associated with nociception. 
However, SP was also elevated in beef calves following 
transportation, suggesting that elevated SP may also 
be associated with stress and anxiety (Van Engen et 
al., 2014). Thus, further studies are needed to elucidate 
if SP is a reliable indicator of pain in cows or if it is re-
leased in response to a variety of stimuli in cattle. The 
combination of clinical signs, behaviors, biomarkers of 
stress and inflammation, and the use of analgesia needs 
to be considered to further evaluate the association of 
SP with nociception in cows with clinical metritis.
Table 2. Circulating concentration (LSM ± SEM) of BHB and Ca, and proportion of cows with ketosis and 
hypocalcemia in cows diagnosed with clinical metritis compared with cows without clinical metritis
Variable
Clinical metritis
P-value
Yes 
(n = 100)
No 
(n = 100)
Blood BHB concentrations (mmol/L) 0.87 ± 1.09 0.90 ± 1.11 0.72
Ketosis1 (%) 27.50 ± 7.10 23.42 ± 7.93 0.59
Blood Ca concentrations (mg/dL) 8.54 ± 0.26 8.88 ± 0.27 0.009
Hypocalcemia2 (%) 22.78 ± 4.76 1.33 ± 1.32 0.003
1Blood BHB concentration greater than 1.2 mmol/L (Iwersen et al., 2009).
2Blood Ca concentration less than 8.0 mg/dL (Reinhardt et al., 2011).
Table 3. Total and differential white blood cell counts, and erythrocytes 
in cows with clinical metritis compared with cows without clinical 
metritis
Variable1
Clinical metritis
P-value
Yes 
(n = 49)
No 
(n = 51)
Total white blood cells2 7.62 ± 0.91 10.46 ± 1.19 <0.001
Lymphocytes2 4.13 ± 0.58 5.95 ± 0.83 <0.001
Monocytes2 0.10 ± 0.02 0.18 ± 0.06 0.001
Neutrophils2 2.65 ± 0.36 3.29 ± 0.44 0.03
Erythrocytes3 6.85 ± 0.10 7.12 ± 0.09 0.04
1Geometric means ± 95% CI are presented.
2Cell type × 106/mL.
3Cell type × 106/µL.
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Haptoglobin is an acute phase protein synthesized by 
hepatocytes in response to cytokines released by mac-
rophages after an inflammatory response (Cray, 2012). 
The release of these liver acute phase proteins can be 
stimulated by a wide variety of stimuli such as bacte-
rial products and tissue damage (Cray, 2012). In the 
present study, the concentration of HP was increased 
in cows with clinical metritis compared with cows 
without clinical metritis, suggesting that these cows ex-
perienced a systemic inflammatory response. Elevated 
HP concentrations in postpartum dairy cows have been 
associated with infectious diseases such as clinical me-
tritis and mastitis, and poor reproductive performance 
(Groonlund et al., 2005; Dubuc et al., 2010; Huzzey et 
al., 2015). Furthermore, elevated concentration of HP 
in the early postpartum period have been proposed as 
a predictor of clinical metritis. Huzzey et al. (2009) 
showed that cows with increased HP circulating con-
centration (>1 g/L) at 3 DIM were 6.7 times more 
likely to develop clinical metritis. However, the greatest 
limitation of using HP as a predictor of clinical metritis 
is its implementation under field conditions in com-
mercial dairy farms. Similarly, other studies found a 
positive association between clinical metritis and HP 
(Drillich et al., 2007; Chan et al., 2010; Pohl et al., 
2015).
Cortisol concentration has been extensively used 
as parameter to measure stress associated with pain 
and discomfort in cattle (Coetzee, 2011). Comin et 
al. (2013) reported higher hair cortisol concentrations 
in cows with clinical metritis compared with healthy 
cows. However, hair cortisol reflects the production of 
cortisol for weeks or even months before sample collec-
tion (Comin et al., 2013), whereas in our study serum 
cortisol was measured, which has been associated with 
an acute stress and pain response (Coetzee, 2011). Fur-
thermore, Comin et al. (2013) did not account for the 
days from calving when comparing cows with clinical 
metritis and healthy animals, and it has been reported 
that DIM affects the concentration of hair cortisol 
(Burnett et al., 2015). In contrast, Kaczmarowski et 
al. (2006) reported no differences between cows with 
and without clinical metritis in serum concentration 
of cortisol, which agreed with the results reported in 
our study. Because plasma cortisol can be confounded 
by the stress associated with handling, restraining, 
and sampling, we may have failed to observe differ-
ences in plasma cortisol concentrations in the present 
study. Substance P, HP, and cortisol are released in 
response to various stimuli. Thus, elevated circulating 
concentrations of these biomarkers can be observed in 
cows suffering from various health disorders. For this 
reason, to minimize the confounding effects associated 
with SP, HP, and cortisol, all animals treated for health 
disorders other than clinical metritis, or animals that 
were culled or died within 21 d after parturition were 
excluded from CM and NO-CM groups.
The total concentration of circulating WBC was 
decreased in cows with clinical metritis compared 
with cows without clinical metritis. Furthermore, dif-
ferential WBC analysis revealed that all cell types were 
decreased in CM cows compared with NO-CM cows. 
Decreased WBC can be caused by bacterial and viral 
infections such as clinical metritis, mastitis, and pneu-
monia (Jones and Allison, 2007). However, in subacute 
or chronic cases of clinical metritis, neutrophils can be 
increased in peripheral blood (Divers and Peek, 2007). 
The decreased concentration of WBC in peripheral 
blood in cows with clinical metritis observed in this 
study could be explained by the circulating leukocytes 
influx toward the uterine lumen. Additionally, eryth-
rocytes were decreased in cows with clinical metritis 
compared with cows without clinical metritis. In cows 
that experience clinical metritis, the layers of the uter-
us are compromised (Divers and Peek, 2007), which 
could produce the rupture of the uterine submucosa 
blood vessels causing internal hemorrhage. This might 
explain, at least in part, the decreased concentration 
of erythrocytes in the CM cows observed in this study.
Milk yield in the first 3 DHIA tests relative to calving 
was not different between CM and NO-CM cows in 
the present study. These findings disagree with some 
literature published (Deluyker et al., 1991; Rajala and 
Gröhn, 1998) and agrees with others (Dohoo and Mar-
tin, 1984; Lucey et al., 1986). A more dramatic reduc-
tion in milk production may be observed in cows that 
experience clinical metritis associated with systemic 
clinical signs. In the present study, approximately 20% 
of the cows with clinical metritis were classified as hav-
ing pyrexia at 4 to 10 DIM; however, because the first 
DHIA test was performed on average at 26 DIM (data 
not shown), we may have failed to observe this effect. 
The DIMC were greater in the CM group, and cows 
with clinical metritis required more services to become 
pregnant compared with NO-CM cows, which agrees 
with previous studies (Fourichon et al., 2000). Further-
more, the BCS of cows with clinical metritis was lower 
compared with cows without clinical metritis. Huzzey 
et al. (2007) reported that cows that developed clini-
cal metritis spent less time feeding and consumed less 
feed in the late prepartum period compared with cows 
that did not develop clinical metritis. This may explain, 
at least in part, the findings regarding BCS presented 
in this study. Maintaining an optimal DMI and BCS 
during the early postpartum period is crucial to avoid 
metabolic diseases such as ketosis and hypocalcemia 
in dairy cows (LeBlanc, 2010). In our study, a greater 
proportion of cows with CM had hypocalcemia. Meta-
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bolic diseases such as hypocalcemia impair the immune 
system function in dairy cows, increasing the risk of 
developing infectious diseases such as CM in early lac-
tation (Ingvartsen and Moyes, 2013; Martinez et al., 
2014).
CONCLUSIONS
Cows with clinical metritis had increased LT and 
elevated circulating concentration of SP and HP, com-
pared with cows without clinical metritis. Interestingly, 
based on activity data PRIM cows with clinical metritis 
appear to be more severely affected, since PRIM cows 
diagnosed with clinical metritis spent more time lying 
compared with NO-CM PRIM cows, whereas no dif-
ference in LT was observed in MULT cows. Overall, 
results showed increased concentrations of markers of 
inflammation, stress, and pain, and altered activity in 
cows with clinical metritis; thus, strategies aimed to 
minimize the negative effects associated with clinical 
metritis may be required to improve the welfare of 
dairy cows.
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